experimental procedures and characterization data of trithiomannoside clusters: Scheme S1: Synthesis of tri-thiomannoside cluster amine 3 from tri-O-allyl derivative 1 1: A solution of 1 (1.78 g, 5.21 mmol), mannoside thiol 2 2 (9.5 g, 26.07 mmol), 2,2-dimethoxy-2phenylacetophenone (668 mg, 2.60 mmol) in anhydrous MeOH (12 mL) was bubbled with argon for 40 mins. Then reaction mixture was stirred and exposed to UV light of wavelength 365 nm for 4 h ( 1 H NMR for crude reaction mixture shows complete conversion of 1). Then volatiles of reaction mixture were evaporated by rotary evaporator and resultant mixture was dried for 2 h under vacuum. The obtained crude was dissolved in anhydrous CH 2 Cl 2 (90 mL) and TFA (10 mL) was added dropwise to reaction mixture at 0 o C, and then reaction mixture was warmed to room temperature. After stirring the reaction mixture for 4 h, the volatiles were evaporated by vacuum and crude was purified over silica gel column with eluent 100% CH 2 Cl 2 to 20% MeOH in CH 2 Cl 2 (v/v) to afford Boc deprotected TFA salt (7.40 g). The obtained TFA salt was dissolved in EtOAc (300 mL), washed with 5% aqueous NaHCO 3 (3x100 mL), washed once with brine solution (120 mL), organic layer was separated, dried with anhydrous Na 2 SO 4 and volatiles were evaporated under reduced pressure to afford trithiomannoside cluster amine 3 (6.32 g, 4.74 mmol, overall yield 92% from 1).
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Electronic Supplementary Material (ESI) for Biomaterials Science. This journal is © The Royal Society of Chemistry 2018 1 H NMR (300 MHz, CDCl 3 ): δ 5. 01-5.23 (m, 9 H), 3.87-4.29 (m, 11 H) , 3.43 (br s, 10 H), 3.22 (s, 6H), 2.55-2.72 (m, 6H), 2.07 (s, 9H), 2.00 (s, 9H), 1.96 (s, 9H), 1.89 (s, 9H), 1.80 (br t, J = 6.1 Hz, 6H). 13 C NMR (75 MHz, CDCl 3 ): δ 170. 46, 169.88, 169.69, 169.63, 82.55, 72.21, 71.04, 69.36, 68.91, 66.18, 62.32, 56.10, 29.41, 28.18, 20.82, 20.64, 20.60, 20.53 8, 73.1, 71.7, 71.0, 69.9, 67.9, 67.0, 60.8, 59.6, 28.5, 27.4 EDC.HCl (1.87 g, 9.75 mmol) and HOBT (1.36 g, 10.06 mmol) at 0 o C and reaction mixture was stirred for 30 mins. Then a solution of amine 3 (2.18 g in 14 mL of anhydrous CH 2 Cl 2 , 1.63 mmol) was added to reaction mixture and further allowed to stir at room temperature. After 3 days, the reaction mixture was diluted with CH 2 Cl 2 , washed with saturated NaHCO 3 solution (80 mL), washed twice with water (2x 120 mL) and brine solution (140 mL). The obtained crude was purified over SiO 2 gel column with eluent 50% EtOAc in hexane (v/v) to 100% EtOAC to afford coupled amide (2.46 g) . The obtained amide (2.46 g, mmol) was dissolved in anhydrous MeOH (50 mL) and bubbled with argon for 20 mins, to this stirred solution was added argon bubbled methanolic NaOMe solution (1 M, 8 mL) dropwise and further allowed to stir for 3 days under argon atmosphere. Then reaction mixture was acidified up to pH ≈ 4 with Dowex® 50WX8 hydrogen form, filtered to remove resin, volatiles were evaporated under reduced pressure and dried under vacuum to afford a thiol Man 3 -SH 1 (1.38 g. 1.50 mmol, overall yield = 93% from 3). 13, 86.44, 74.79, 73.63, 73.08, 70.70, 69.59, 68.68, 62.63, 61.77, 35.45, 30.65, 28.74, 27.67 Scheme S4: Synthesis of tri-thiomannoside cluster 5a from amine 3: To a stirred solution of acid 4a (1.11 g, 2.89 mmol) in anhydrous CH 2 Cl 2 (12 mL), was added EDC.HCl (2.43 g, 12.71 mmol) and HOBT (1.79 g, 13.29 mmol) at 0 o C and reaction mixture was stirred for 20 mins. Then a solution of amine 3 (1.93 g in 10 mL of CH 2 Cl 2 , 1.44 mmol) was added to reaction mixture and further allowed to stir at room temperature. After 3 days, the reaction mixture was diluted with CH 2 Cl 2 , washed with saturated NaHCO 3 solution (70 mL), and further washed twice with water (2x 100 mL) and brine solution (120 mL). The obtained crude was S5 purified over SiO 2 gel column with eluent 50% EtOAc in hexane (v/v) to 100% EtOAC to afford coupled product 5a (1.19 g, 0.699 mmol, yield = 49%). 1 H NMR (300 MHz, CDCl 3 ): δ 7.71 (d, J = 7.5 Hz, 2H), 7.56 (d, J = 7.3 Hz, 2H), 7.34 (t, J = 7.4 Hz, 2H), 7.25 (t, J = 7.4 Hz, 2H), 6.74 (br s, 1H), 5.17-5.29 (m, 12H), 4.15-4.35 (m, 10H), 3.36-4.09 (m, many H), 2.54-2.71 (m, 6H), 2.10 (s, 9H), 2.03 (s, 9H), 1.99 (s, 9H), 1.93 (s, 9H), 1.82 (br t, J = 5.9 Hz, 6H). 13 C NMR (75 MHz, CDCl 3 ): δ 170. 43, 169.86, 169.68, 169.60, 156.45, 143.88, 141.17, 127.57, 126.94, 124.97, 119.86, 82.57, 71.03, 70.80, 70.02, 69.34, 69.08, 68.92, 66.49, 66.15, 62.30, 59.42, 47.14, 40.75, 29.38, 28.13, 20.78, 20.60, 20.56, 20.49 Scheme S5: Synthesis of Man 3 -SH 2 from compound 5a: To a stirred solution of 5a (1.06 g, 0.62 mmol) in anhydrous CH 2 Cl 2 (30 mL) was added piperidine (1.2 mL) at RT and allowed to stir further for 20 h. Then volatiles were evaporated under reduced pressure, toluene was added to the crude and then volatiles were further evaporated under reduced pressure, dried under vacuum and the obtained crude amine used for next step without further purification.
To a stirred solution of 3-(acetylthio)propanoic acid (460 mg, 3.1 mmol), was added EDC.HCl (2.61 g, 13.61 mmol) and HOBT (1.92g, 14.21 mmol) at 0 o C and reaction mixture was stirred for 30 mins. Then a solution of obtained amine in CH 2 Cl 2 (12 mL), was added to reaction mixture and further allowed to stir at room temperature. After 3 d, the reaction mixture was diluted with CH 2 Cl 2 , washed with saturated NaHCO 3 solution (80 mL), washed twice with water (2x 120 mL) and brine solution (120 mL 87, 172.05, 86.49, 74.91, 73.67, 73.12, 71.94, 71.48, 71.16, 70.73, 70.56, 70.01, 68.74, 62.68, 61.17, 40.41, 36.42, 35.02, 30.65, 28. Scheme S6: Synthesis of tri-thiomannoside cluster 5b from amine 3: To a stirred solution of acid 4b (1.13 g, 2.38 mmol) in anhydrous CH 2 Cl 2 (15 mL), was added EDC.HCl (2.00 g, 10.47 mmol) and HOBT (1.48 g, 10.94 mmol) at 0 o C and reaction mixture was stirred for 30 mins. Then a solution of amine 3 (1.60 g in 10 mL of CH 2 Cl 2 , 1.20 mmol) was added to reaction mixture and further allowed to stir at room temperature. After 3 days, the reaction mixture was diluted with CH 2 Cl 2 , washed with saturated NaHCO 3 solution (60 mL), and further washed twice with water (2x 100 mL) and brine solution (120 mL). The obtained crude was purified over SiO 2 gel column with eluent 50% EtOAc in hexane (v/v) to 100% EtOAC to afford coupled product 5b (500 mg, 0.279 mmol, yield = 23%). 25, 169.69, 169.51, 169.46, 156.33, 143.79, 141.04, 127.43, 126.81, 124.87, 119.72, 82.45, 70.88, 70.65, 70.49, 70.29, 70.15, 70.04, 69.80, 69.22, S7 68.92, 68.80, 67.84, 66.03, 62.18, 59.29, 47.03, 40.68, 29.28, 28.02, 20.64, 20.47, 20.44, 20.37 then dried under vacuum. The obtained crude amine was used for next step without further purification. Then, to a stirred solution of 3-(acetylthio)propanoic acid (248 mg, 1.67 mmol), was added EDC.HCl (1.40 g, 7.34 mmol) and HOBT (1.04 g, 7.70 mmol) at 0 o C and reaction mixture was stirred for 30 mins. Then a solution of obtained amine in CH 2 Cl 2 (12 mL), was added to reaction mixture and further allowed to stir at room temperature. After 3 days, the reaction mixture was diluted with CH 2 Cl 2 , washed with saturated NaHCO 3 solution (40 mL), washed twice with water (2x70 mL) and brine solution (80 mL). The obtained crude was purified over SiO 2 gel column with eluent 50% EtOAc in hexane (v/v) to 100% EtOAC and finally eluted with 10% MeOH in EtOAc (v/v) to afford coupled amide (260 mg). The 84, 171.64, 84.90, 73.20, 72.30, 71.87, 71.22, 70.42, 69.83, 69.66, 68.87, 68.44, 66.98, 66.60, 60.82, 60.02, 39.02, 35.02, 33.37, 28.69, 27.55 
Scheme S8: Synthesis of Man 3 -NH-Rhodamine from amine 3:
To a stirred solution of amine 3 (220 mg, 0.164 mmol), Et 3 N (0.6 mL) in anhydrous CH 2 Cl 2 (5 mL) was added sulforhodamine B acid chloride (115 mg, 0.197 mmol) and followed by DMAP (5 mg) at 0 o C. After stirring the reaction mixture for 3 days at RT, volatiles were evaporated under reduced pressure and the obtained crude was purified over SiO 2 column with the eluent CH 2 Cl 2 to 10% MeOH in CH 2 Cl 2 to afford the sulfonamide product (160 mg). The product (160 mg) was dissolved in anhydrous MeOH (10 mL), to this stirred solution was added 1 M NaOMe in MeOH (1 mL) at RT. After stirring the reaction mixture for 36 h, the reaction mixture was acidified up to pH ≈ 4 with Dowex® 50WX8 hydrogen form, filtered to remove the resin, volatiles were evaporated under reduced pressure and dried under vacuum to afford a compound Man 3 -NH-Rhodamine (65 mg, 0.047 mmol, overall yield = 28% from amine 3). 
Experimental procedure for competitive binding assay of Man 3 -NH-Rhodamine with E.coli UTI89 strains
UTI89 bacterial strains were cultured as UT189 FimH over expressed strain and FimH off conditions in a LB medium at 37 0 C. Dilute the overnight culture 1:100 into fresh medium and grow to O.D 1 for competitive assay. The bacterial culture was added methyl α-Dmannopyranoside (-mmp) at concentration 10 mM, 1 mM, 100 M, 10 M, 1 M and 0.1 M, then concentration 100 M Man 3 -NH-Rhodamine was added. After incubated for 1 hr, the bacterial samples were washed by PBS 3 times. The bacterial culture was suspended in 100 L PBS and loaded in 96 well plate. The fluorescence intensity was measured by Tecan microplate reader. Biological repeats in triplets were used for statistics analysis.
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Quantitative estimation of number of covalently connected tri-thiomannosides to GNR by using Ellman's reagent.
Solutions of (Man) 3 -SH (50 L, 1 mM) and GNRs (950 L, 5 nM) were mixed and incubated for 2 h. GNRs were removed by centrifugation (6000 rcf, 30 min). The supernatant was collected for determination of Man 3 -SH concentration.
For quantification of (Man) 3 -SH concentration, Ellman's reagent (DTNB) was used. DTNB (160 L, 0.4 mM) in sodium phosphate buffer (pH 8, 0.1 M) was added into 800 L of the supernatant and a series of standard Man 3 -SH solution (0, 40, 50, 60, and 70 M) . UV-vis absorption spectra were measured for the determination of sugar concentration after incubation for 15 min. 
Determination of binding constant of Man 3 -GNR with ConA by isothermal calorimetric titration (ITC)
When a solution of two ligands -mmp (ligand 1, L1) and Man 3 -GNR (ligand 2, L2) was titrated into ConA (receptor, A), two binding reactions occur: 
Scheme S9:
Synthesis of (Gal-Ac 4 ) 3 -NH 2 .TFA from tri-O-allyl derivative 1: A solution of 1 (1.32 g, 3.86 mmol), (2R,3S,4S,5R,6S)-2-(acetoxymethyl)-6-mercaptotetrahydro-2H-pyran-3,4,5-triyl triacetate 2 (8.45 g, 23.19 mmol), 2,2-dimethoxy-2-phenylacetophenone (595 mg, 1.93 mmol) in anhydrous MeOH (25 mL) was bubbled with argon for 40 mins. Then reaction mixture was stirred and exposed to UV light of wavelength 365 nm for 4.5 h ( 1 H NMR for crude reaction mixture shows complete conversion of 1). Then volatiles of reaction mixture were evaporated by rotary evaporator and resultant mixture was dried for 2.5 h under vacuum. The obtained crude was dissolved in anhydrous CH 2 Cl 2 (60 mL) and TFA (10 mL) was added dropwise to the reaction mixture at 0 o C, and then reaction mixture was warmed to room temperature. After stirring the reaction mixture for 4 h at RT, the volatiles were evaporated by vacuum and crude was purified over silica gel column with eluent 100% CH 2 Cl 2 to 20% MeOH in CH 2 Cl 2 (v/v) to afford (Gal-Ac 4 ) 3 -NH 2 .TFA (7.30 g, 3.58 mmol, overall yield from 1 = 93% 63, 170.27, 170.15, 169.94, 84.18, 74.37, 71.83, 69.98, 68.24, 67.31, 67.25, 61.42, 59.87, 29.41, 26.83, 20.83, 20.70 (2C) , 20.62. Scheme S10: Synthesis of Gal 3 -NH 2 .HCl from (Gal-Ac 4 ) 3 -NH 2 : To a stirred solution of compound (Gal-Ac 4 ) 3 -NH 2 (amine was prepared similar to compound 3 from corresponding TFA salt, 1.15 g, 0.861 mmol) was dissolved in anhydrous MeOH (30 mL) and to this stirred solution 1 M NaOMe in MeOH (3 mL) was added dropwise, and the reaction mixture was further allowed to stir for 36 h. Then the reaction mixture was acidified up to pH ≈ 4 by using 3% aqueous HCl solution. Then volatiles were evaporated under vacuum, then further dried under vacuum to afford Gal 3 -NH 2 .HCl (730 mg, 0.842 mmol, yield = 97%). 
